06 aCHMIITOTHHeCKOM noBe^eHHH 

cjio^khocth annpoKCHMau,HH cjiynaftHbix nojieft, 
3aBHCHin,Hx ot 6ojibinoro HHCJia napaMeTpoB* 



Cep^ioKOBa H.A.t 



AHHOTa^a 

B HacToam,eit CTaTbe jrayneHO noBefleHne cjiojkhocth armpoKCHMaiTHH b 
cpeflHeM fljia d-napaMeTpiiHecKnx cnyiaiiHBix nojieii TeH3opHoro rana. B pa- 
6oTe [S] 6bijio noKa3aHO, hto fljia 3aflaHHoro ypoBHa othochtcjibhoh 00106x0 
cjtojkhoctb armpoKCHMarrHH B03pacTaeT SKcnoHeHnHajiBHO npn d — > 00, to 
ecTB Ha6jiK3flaeTca TaK HasBiBaeMBiii cpeHOMeH "npoKJiaTHa pa3MepHOCTii " . 

B flaHHoit CTaTBe fljia cjiojkhocth annpoKCiiMaijHH nojiy^eHO TO^iHoe acHMn- 
TOTHiecKoe BBipa>KeHHe. 

KjnoMeBtie cjioBa: cjiynaiiHbie iiojth, rayccoBCKHe npou,eccbi, oniH6Ka jiiiHeft- 
hoh annpoKCHMan;HH, cjiojkhoctb, npoKjiHTiie pa3MepHOCTH. 



1 BBe^etme 

ITycTt T - HeKOTopoe napaivieTpHiecKoe MHOJKecTBO. IIpeflnojiojKHM, hto cjiy^iaft- 
Haa (pyHKu,HH X(t), ( e T flonycxaeT npeflCTaBjieime b Bii^e pjma 

00 

k=l 

r fl e £fc ~~ cjiynaitHbie BejiiiHiiHti, a ip^ - ^,eTepMHHHpoBaHHbie BemecTBeHHbie cpyHK- 
ii,hh. 

JXpz KajK^oro KOHCHHoro MHCOKecTBa HaTypajibHtix Hiiceji K C N o6o3HaHHM 
Xk{£) = YlkeK £k*Pk{t)- IIpu penieHHH MHoriix 3aflaH 6t>iBaeT Heo6xo,n,HMO annpoK- 
CHMHpoBaTB X npon;eccoM KOHGHHoro paHra Xk, b cbhbh c neM B03HHKaiOT ecTe- 
ctbchhbic Bonpocbi: KaKoro pa3Mepa /i,oji>kho 6i>iti> Bbi6paH0 mhojkcctbo K, hto6bi 



*Pa6oTa BMnojiHeHa npn cjjHHaHCOBoii noftfl,ep>KKe POOH (rpaHT W 05-01-00911) h POOH- 
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oSecneHiiTb 3aflaHHyio tohhoctb annpoKCHManiiH? Cpe,n,H Bcex MHOJKecTB K 3aflaH- 
Horo pa3Mepa, mhojkgctbo KaKoro BH/ja oQecue^iwr HaHMeHbinyio oniH6Ky? 

B HacTOsmeii CTaTbe Mbi otbsthm Ha nepBbiii H3 nocTaBjieHHbix BonpocoB npn- 
MeHHTejibHO k onpeflejieHHOMy Kjiaccy cjiyHaiiHMx (pyHKHiift, a hmghho, CAyuaiiHUM 
ncuiMM meH3opH02o muna c napaMCTpHHecKHMii MHexscecTBaMH BbicoKoii pa3MepHO- 

CTH. 

IlycTb HeoTpHn;aTejibHaa nocjieflOBaTejibHOCTb (A(i))j>i yapBjieTBopaeT ycjio- 

BIIKD 

oo 

E A « 2<o ° « 

i=l 

h nycTb cpyHKHHH (v?i)i>o o6pa3yiOT nojiHyio opTOHOpMHpoBaHHyio CHCTGMy b ^2(0, 1]. 
PaccMOTpHM ceMeiicTBO cjiy^aftHbix nojiefi TeH3opHoro Tina 

X = {xW(t),i€ [0,l] d } ; d = l,2,.., 

3a,n;aHHbix cpopMyjioii 

fcgNd ;=i z=i 

r A e £fc ~~ HeKoppejiHpoBaHHbie cjiyHaftHMe BejiHHHHM c HyneBMM cpeflHHM h e^H- 
HHHHOfl flHcnepciieii. OneBHflHO, hto ccjih BbinojiHeHO ycjiOBne (HJ, to TpaeKTopnii 
npHHafljiexaT L2QO, noira HaBepHoe, h CHCTeMa co6cTBeHHMx nnceji ko- 
BapHan,HOHHoro onepaTopa X^> iiMecT bh^ 

A?:=IlA(fc ; ) 2 , ^GN d . (3) 

B ^ajibHeiniieM mbi He ynoMHHaeM HH/i,eKC d, a npocTO nnnieM X(t) bmccto X^ d \t). 

IlycTb T = [0, l] d . ^jih jno6oro n > o6o3HanHM iepe3 X n nacTHHHMe cyMMM 
pa,n,a ©, OTBenaioiHHe n MaKCHMajibHMM co6cTBeHHbiM HHCjiaM. Hac HHTepecyeT 
acHMnTOTH^iecKoe noBe/jenne ohih6kh annpoKCHMainiH b cpe^HeM X nocpeflCTBOM 
X n , a HMeHHO 

e(X,X n ;d) = (E||X-X n ||| 2(T) ) 1/2 , d -> ex. 

^ajiee mm 6yn,eM paccMaTpHBaTb tojii>ko L2 (T)-hopmm, noaTOMy no^ chmbojiom 1 1 • 1 1 
Bceiyja 6yn,eM no,npa3yMeBaTb || • ||l 2 (t)- Xoponio h3bgctho (cm., HanpHMep, [2J, [4J 
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hjih [8]), hto cpeflH Bcex jiHHCHHbix annpoKCHMaiTHH nopa,n,Ka n, X n oSecneHiiBac-T 
MHHHMajibHyio cpeflneKBa^paTHHHyio oiiiii6Ky. 

IlocKOjibKy mm co6iipaeMCH HCCJie/i,OBaTb ceMeilcmeo cjiynaftHbix (pyHKiriiH, to 
6ojiee ecTecTBeHHO H3yHaTb omHocumeAwue oiiih6kh, to c-ctb cpaBHHBaTb BejiiiHii- 
Hy oitih6kh c BejiimiiHoii caMoft (py hkxjtiii . 

06o3HaHHM 

oo 



i=l 



Torfla 

E||X|| 2 = J2 A "= A "- 

fc6N d 

OnpeflejiHM OTHOCHT&jibHyio cjiojkhoctb cpe-flHeKBaflpaTiiHHOii annpoKCHMarpiii 



KaK 



n(s,d) :=min{n : e ( X > Xn > d ) < e } = min ( n . m\X - X n \\ 2 < e 2 A d \. 
(E||X|| 2 ) 1/2 



3aMeTHM, hto HHTepecyiomee Hac noBefleime cjiojkhoctii annpoKCHMaHjiii n(e, d), 
npimafljiejKHT k Kjiaccy npo6jieM, CBSBaHHbix c irayHeHneM 3aBiiciiM0CTH cjiojkhocth 
jiHHeftHbix MHoronapaMeTpiiHecKiix 3aflan ot pa3MepHOCTH, cm. pa6oTbi X. Bo3hh- 
kobckoto ([3], [10j . [llj . [12j ) h npHBe^eHHbie TaM ccbijikh. 

^Jlfl H3yHeHHH CBOHCTB MaCCHBa C06cTBeHHbIX HHCejI ([3]) (fleTepMHHHpOBaHHO- 

ro!) b [5] 6bijio npefljiojKeHO iicnojib30BaTb BcnoMoraTejibHyio BepoHTHOCTHyio koh- 
CTpyKirino. Mbi TaioKe 6yn,eM npimepjKHBaTbCH SToro noflxo^a. 

PaccMOTpHM nocjieflOBaTejibHOCTb He3aBHCHMbix oflHHaKOBO pacnpeflejienHbix 
cjiyHatabix Bejiinim (Ui) , I = 1, 2, o6in,ee pacnpeflejieHiie KOTopbix 3a,n;aHO <pop- 
Myjiofi: 

P([/* = -logA(i)) = ^, i = 1,2,... (4) 
Ecjih BbinojiHCHO ycjiOBHe 

oo 

^|logA(i)| 3 AW 2 < oo (5) 

TO, OHeBHflHO, E|£/;| 3 < oo. 

06o3HaHHM nepe3 M h a 1 MaTeMaTiinecKoe ojKimaHiie h fliicnepciiio {/;, coot- 

BeTCTBeHHO. 5ICHO, HTO 



oo 



2 



M = -> logA(i 



Hi) 

^--o-w A , 
i=l 

a 2 = ^|l 0g A( 4 )| 2 ^ - M 2 . 

i=l 
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Torjia TpeTHH neHTpajibHbiH momcht Ui saflaeTCH 

a 3 :=E([/,-M) 3 = - ^logA(i) 3 ^ - 3Afa 2 - M 3 . 
Ecjih BbinojiHeno ([5]), to \M\ < oo, < a 2 < oo h \a\ < oo. 

B flajIbHeftmeM "B3pbIBaK3^HHCH"K03Cp(pHirHeHT 

£ := Ae 2M (6) 

6yn,eT nrpaTb 3HaHHTejn>Hyio pojrt. B [5 noKa3aHO, hto £ > 1 3a HCKjuoHeHiieM 
BbipojKfleHHoro cjiynaa, Kor/ia hhcjio nojiojKiiTejibHBix co6cTBeHHbix Hnceji paBHO 
Hyjiro hjih eflHHHu;e. ^pyrHMH cjiOBaMH, £ = 1 TOiyja h tojibko Torjj,a, Kor^a a = 0. 
Mbi hckjiiohhm 3tot cjiyHaii H3 jjajibHeHinero paccMOTpemiH. 
B [5] nojiy^eH cjieflyioiHHH pe3yjn>TaT (TeopeMa 3.2). 

Teopeivra 1.1 IIpednoAomcuM, nmo nocAedoeameAwocmb (X(i)), i = 1,2,... ydo- 
eJiemeopMem ycAoeum 

oo 

£|logA(z)| 2 A(z) 2 <cxx 

i=l 

Tozda djisi riaotcdozo e £ (0, 1) eunojmeHO 

lim lQ g"( g ' d ) ~ rfl °g g = 2 

d-s-oo 

zde Keanmujib q = q(e) eu6pana U3 ypaenenusi 

l-$^)= £ 2 . (7) 
Abtopbi [5J npe^nojiojKHjiH, hto npH 6ojiee chjibhbix ycjiOBnax Ha nocjiejrpBa- 

TejIbHOCTb (A(l)) MOJKHO JTpKa3aTb, HTO 

, A C(e)£ d e 2 ^ 

n(e, a) — , a — > oo. 

Vd 

Mbi noKa»ceM, hto BbinojraeHO ^ajKe hcckojibko 6ojiee TOHHoe yTBepjKjreHHe. 

2 Ochobhoh pe3yjit>TaT 

HaM npHfleTCH OTflejibHO paccMaTpHBaTb jjBa cjiynaa b 3aBHCHMOCTH ot npHpojjbi 
pacnpejrejieHHa bcjihhhh £//. ^OKasaTejibCTBO h KOHeiHbiii pe3yjii>TaT 6yzryT 3aBH- 
ceTb ot Toro, HBjiaeTCH sto pacnpejrejieHHe pememHamuM hjih tot. 
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HanoMHHM, hto ^HCKpeTHoe pacnpe^ejieHne cjiynaiiHOH BejiiiHiiHbi U Ha3biBa- 
eTCH peineTHaTbiM, ecjiH cyinecTByiOT Taxne nncjia a 11 h > 0, hto Bee B03M0>KHbic 
SHa^iCHHa U MoryT 6biTb npeflCTaBjieHbi b BH,n;e a + ish, iyje v npiiroiMaeT n,ejibie 3Ha- 
HeHira. Hhcjio h Ha3biBaeTca inaroM pacnpeflejiemis:. B flajibHeftineM npn paccMOT- 
peHHH peineTnaToro cjiynaa mm npe/rnojiaraeM, hto h hbjihctch MaKCHMajibHbiM 
niaroM pacnpeflejieHiia, to ecTb hto Hejib3H npeflCTaBHTb Bee B03MOJKHbie 3HaneHHH 

C/( B BHfle 6 + ^ft-l C HGKOTOpblMH b h hi > h. 

Ife onpe^eneHiifl ^ cne/ryeT, hto BejinnnHM Ui hmckjt peineTnaToe pacnpe,n,ejie- 
hhg TOiyia h tojibko Torfla, KOiyia X(i) = Ce~ nih ^jih HeKOTopbix nojio>KHTejibHbix 
BemecTBeHHbix C, h h rii G N. Mbi 6yn,eM Ha3biBaTb 3Ty ciiTyanrno pememuamuM 
cAyuaeM n 6ya,eM npeflnojiaraTb, ito ft, Bbi6paHO MaKCiiMajibHO bo3mojkhmm. B npo- 
thbhom cjiynae mm 6ya,eM roBopirrb, hto HMeeT MecTO HepeuiemHamuu cAyuau. 

Teopeivra 2.1 Ilycmb nocAedoeameAbnocmb (A(i)) ; i = 1,2,... ydoe/iemeopjiem 
ycAoeuw 

Tozda 3am naotcdozo e G (0, 1) eunoAHeno 



(e, d) = if 0(-) f d e 2 ^ cT 1/2 (1 + o(l)) , rf 



(X), 



2tt 

J g-(i-e-^) 6 P ememHam0M cAyuae; 



nepewemuamoM; 



u KeanmuAb q = q{e) onpedeAena e ([7]). 
3aMeHaHHa: 

• Mbi BHflHM, hto cjiojKHOCTb annpoKCHMairnn B03pacTaeT SKcnoHeHirnajibHO 
Kor/ia d — > 00. 3to HBjieHne o6braHO Ha3biBaiOT " npoKjurrneM pa3MepHO- 
cth" (dimensionality curse) hjih "intractability". Cm., Hanpimep, [H] h |10| . 
IIoHHTHe "npoKjiHTna pa3MepHOCTn"BOCxoflHT, no KpanHaii Mepe, k pa6oTaM 
BejijiMaHa pQ. 

• Bio npaBHjiy JIonHTajra 

lim =r = - , 

h ^o 1 _ e -2h 2 ' 

TaK hto qSopMyjibi ^jih K corjiacoBaHbi yieMfxy co6on npn h — > 0. 
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,ZJoKa3aTejifcCTBo: 

OnpeflejiHM £ = C(£, <i) kb,k MaKCHMajitHoe nojio>KHTejii>Hoe BemecTBeimoe hhc- 
jio Taxoe, hto cyMMa co6cTBeHHbix Hiiceji, MeHtiimx neM £ 2 , yflOBjieTBopaeT Hepa- 
BeHCTBy 

E *t<^ d - 

feGN d :A fc <C 

OnpeflejiHM peineTnaToe MHoarecTBO b N d 

d 

A = A(e, d) := {k e N rf : X k > (} = {k e N d : J[ X(h) > (}. 

1=1 

IlocKOjibKy fljia jiio6oro k G A BcpHO, hto A^. > 0, to 

A 2 

n(e,d) = card (A) = E -| 



fceA 



A- 



E A d exp{-2ElogA(fc i )}n p ( f/ ' =-logA(fc,)) 

A-eN d :-X]logA(fe ; )<-logC ' = 1 '=1 

d 

= A d Eexp{2E^}I { i:t 1 a i <- 1 o g c}- 
z=i 

^JIH n,eHTpHpOBaHHBIX H HOpMIipOBaHHblX CyMM 

Za = Eti ^ - dM 
a\fd 

BbinOJIHCHO 

1=1 

me 

IIoKa>KeM TenepB, hto 9 flonycKaeT nojie3Hyio BepoHTHOCTHyio HHTepnpeTarpiio b 
TepMHHax cjiy^aftHbix bcjihhhh Ui h hx cyMM. ^Z,elicTBHTejibHO, npiiMCHHH jieMMy 3.1 

113 [3] , MM I1M66M flJIH JIK>6bIX d G N H Z £ R 1 



E A 2 = A d p(X>>-log^) 

A:£N d :A fc <2 \l = l ) 



rfle 



log z + dM 



G 



3a(J)HKCHpyeM e £ (0, 1). 3aMeTHM, hto 



E x l ^ £2Ad 

keft d :\ k <z 

Torfla h tojibko TOiyja, KOiy^a 

P(Z d > 9 Z ) < e 2 . 

IloaTOMy 9 = 9(e, d), onpeflejieHHaa paBeHCTBOM ([8]l. aBjiaeTca (1 — £ 2 )-KBaHTHjiBK> 
pacnpe^ejieHHa Z dl a iiMeHHO, 

6(e, d) = mm{6 : P (Z d > 9) < e 2 } = min{(9 : V(Z d <6)>l - e 2 }. 

06o3HaHHM nepe3 q = q(e) KBaHTHjiB cpyHKin-ni pacnpeflejieHiia HopMajiBHoro 3a- 
KOHa, Bbi6paHHyio 113 ypaBHCHira ([7]). Tor^a, b cnjiy u,eHTpajibHoii npe^ejibHoii Teo- 
peMbi, 

0(d,e)-> ^ , d^oo, (9) 
a 

fljia KasKfloro (pHKCHpoBaHHoro e£ (0, 1). 

Tenepb Mbi mojkbm BepHyTBca k iisy^eHHio cjiojkhocth annpoKCiiMauHii. Mh 

nOJiy^IHJIH, HTO 

n(e,d) = £ d Eexp{2aVdZ d }l {Zd < g} 

r 6 

= £ d exp{2aVd9} exp{2aVd{z - 9)} dF d (z), 

J — oo 

rpp F d (z) = V(Z d < z) ii £ onpe/i,ejieHa b ([6]). 

06o3HaHHM 

# d (z) := exp{2aVd(z - 9)} 
h npoHHTerpupyeM no nacTHM HHTerpaji 

* d (z) d[F d (z) - F d (9)} = [ [-F d (z) + F d {9)] d$> d {z). 



HepeuieTHaTbifl cjiy^afi 

B 3T0ii nacTH flOKa3aTejiBCTBa mbi 6yneM npeflnojiaraTB, hto pacnpe^ejieHiie 
({/;) He HBjiaeTCH penieTnaTBiM. 3to HMeeT MecTO b Han6ojiee HHTepecHBix cjiyna- 
ax, TaKHx Kax 6poyHOBCKiiH jihct (nojie Bimepa-HeHupBa) , flpo6HBift 6poyHOBCKHft 
jihct, 6poyHOBCKaa nojxyiHKa, nojie Kncpepa. 
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B CHjiy Toro, hto BtinojmeHO ([5]) mm mojkcm npiiMeHHTt TeopeMy KpaMepa- 
3cceeHa (cm. TeopeMy 2 §42 b [3], TeopeMy 21 §7 rjiaBM V b [7] jiii6o TeopeMy 4 §3 
raaBbi VI b [6]), OTKya,a HeMe/jjieHHO nojiy^iaeM 

[-F d (z) + F d (6)]d* d {z) = [ [-$(*) + $(0)] d* d (*) 

fy-*-*» ((e 2 -i) e - e2 / 2 ]d* d (z) +0 (-L) 



6cr 3 V27rd 



(10) 



rfle 



-$(ar) + *(0)] dtfdCs), 



6o- 3 V27rd 7_ 

„3 



la = 



a 



„3 



a 



(9* - 1) e-* 2 / 2 ~ -^U (W - l) e-W , d 



6a 3 V2nd 

IIocjieflHee cooTHOineHiie cjiepyei H3 IIocKOJibKy d^ d (z) = 2aVd 1 >f? d (z)dz, to 
nocjie 3aMeHbi nepeMeHHbix li npiiMeT bha 

h = h(d,9) = ^^— ^(9- -^) 2 cxp{-l(g- -^) 2 }exp{-2ay} dy 

rfle y = —y/d(z - 8). 

JJ^jia jiio6oro d = 1, 2, ... Bepno nepaBeHCTBO 



0£ { e -73) ^-i(«-^)<(l»l +! )- 

3ia on,eHKa flaeT Hail cyMMHpyeMyio Ma»copaHTy, HeooxoflBMyio fljia npiiMCHcrois 
TeopeMbi JIe6era. YHHTbiBaH Q h nepexo^H k npe^ejiy nofl 3HaKOM HHTcrpajia, mm 
nojiyiaeM npn d — > oo , 

>,3 ,„,2 



1 



2/ A2l 



AHajioriiiHO, 



W) = -^= (i) e-^(i + 0(1)) . 



I 3 (d,0) = - e'^ 2 / 2 - 2 (1 + 0(1)) 

oo- J v 27ra 



TaKiiM o6pa30M, mm nojryriijiH, hto vd/4 = V4(/j — J3)(l + o(l)), cjieflOBaTejitHO, 
J 2 -/ 3 -7 4 = (^ 
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PaccMOTpiiM ochobhoh iiHTerpaji I\. 



h = h{d,6)= [ [-$(z) + $(0)] d* d (z) 

J — OO 

i r e 

= —= / exp{2trVd(2 - 9)} cxp{-z 2 /2} dz 



1 



exp{-i(0-^=) 2 }exp{-2ay}dj/ 
27ra Jo ^ yd 



1 



-g 2 /2<x 2 



OO. 



2aV27rd 

TaKHM o6pa30M, mm nojrynijiH »cejiaeMyio ou;eHKy 
£ d exp{2qy/d} 1 



n(e, d) 



2aVd 



(11) 



PeiiieTHaTbifi cjiynaii 

Tenept mm 6yn,eM fleftcTBOBaTb b npeflnojiojKCHHH, hto nocne^OBaTejibHOCTb 
(Ui) HMeeT peineTnaToe pacnpeflejiemie. 

IlycTb cjiyHaifflafl BejnranHa Ui npiimiMaeT SHa^eHiiH cneflyiomero BH^a 

a + vh, v = 0, ±1,±2, ... 

iyje a = M + a - cflBiir, ah — MaKCiiMajibHbiii niar pacnpeflejieHHH. Toiyja Bee 
B03M0>KHbie 3HaHeHHa cyMMbi Z d npeflCTaBHMbi b BHfle 

da + vh 



ayct 

BBe^eM b paccMOTpenne (pyHKuiiio 



-, i/ = 0,±l,±2,... 



5(x) = N - x + ^, 
iyje [a;] o6o3HanaeT, Kax o6mhho, upjiyio nacTb x, n onpe,n,e.jiHM 

ft / xaVd- da \ 
S d ( X ) = -S^ j. 

IlycTb Fd{z) onpe^ejieHa KaK npe>K/i,e. Tor^a, ecjiii BbinojiHeHO ((SJ), to pe3yjibTaT 
3cceeHa (cm. TeopeMy 1 § 43 b [3]) Bjie^ieT paBeHCTBO 

F d {z) - $(z) - 



V Vd 6a 3 Vd J \y/d 
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paBHOMepno no z. 

CpaBHHBaa c fj 10|) . mm bh^hm, hto HaM Hyxnro oneHHTB tojibko /i,onojiHHTejii>Hoe 
cjiaraeMoe 



1 



'2-Kd 
1 



-S d (z)e- z2 ' 2 + S d {ey- 62/2 ]^d{z) 



og 



V d (z)d [S d {z)e- Z ' 2 ' 2 



— J\ — J2 + Jjti 



rfle 



Ji = -4=; I y d (z)S' d (z)e-* 2 / 2 dz, 
VZird J -00 

■h = -i= / y d (z)S d (z)ze- z2 / 2 dz, 

h J3 - "fliiCKpeTHaa nacTb KOTopaa onpeflejieHa cjie/ryioiHHM o6pa30M. 

3aMeTHM, hto S(x) hbjihctch nepno/ninecKon tpyHKin-icn c eflHHHiHbiM nepno- 
flOM, nosTOMy S d (x) o6jiaflaeT nepnoflOM h/aVd h hmbgt CKa^KH b TO^ixax BH,n;a 
I kh +^L a f k G Z}. Ecjih 9 npHHa,a,jie>KHT stoh penieTKe, to cym,ecTByeT nejioe hi Ta- 
Koe, ito 6 = fc h ^ a ■ CjieflOBaTejibHO, mojkho HHTerpnpoBaTb pa3pbiBHyio nacTb 
HHTerpajia J no othouichhio k flnpaKOBCKOft Mepe —S kh+da . Tor/ja 

(r\fd 

1 h ,t, ( kh + da\ _ r 1 f kh + da 



OneHHM cnepBa HHTerpaji J\. B Tex Tonicax, iyje npoH3BO,n;HaH S' d (z) HMeeT 
cmbicji, moscho jierKO BbinncjiHTb, ito S^z) = ^ zcr ^- da ^j = — -^/d, Tor/ja, no- 
,h,o6ho nepeineTnaTOMy cjrynaio, no Teopeivre JIe6era mm HMeeM 



-Vd 

J\ = 



J2 
-1 



'2TTd 
-1 



= / exp{2aVd(z- 9)}exp{-z 2 /2}dz 
nd J_oo 

J™ exp{-i(0 - -^) 2 } exp{-2 ( ry}dy 

e-« 2/2CT2 , d -> 00, (12) 



2crV27rd 



c jieflOBaTe jibHO , v^ji = -Vdh (1 + 0(1)). 

Mto KacaeTCH HHTerpajia J2, to oh, npn jjpcTaTOHHO 6ojibihhx d, BOo6me He 
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iirpaeT panii. fleftcTBHTejibHO, 
1 

J 2 = / exp{2aVd(z - 6)}S d (z)zexp{-z 2 /2}dz 

; jf° exp{-l(0 - -^) 2 }(# - X) 5d (0 - X) exp{-2aj/}dj/ 



1 1 



O L /* CO -i 

3/1 "iV-Vd-xx,... 



= (-)' 



4cr 2 dV^ 

H, pa3yMeeTCH, Ji—o 

Tcnept mm nepeftfleM k paccMOTpeHHio HaiiGanee Ba>KHoro cjiaraeMoro 

1 h v-~^ ,„ I—. ( kh + da \ . 1 f kh + da^ 



fe= — CO \ v / 

1 h rrt . ,,,, f 1 f kh -\- da x 2 



k— — oo 

1 exp { ^}exp { -I^ fc '-^ + da " 



2?rd o- ^ 2 V oVd 

^gexp { ^ } exp { -I(,--^) ; 



' "^.d-^oo. (13) 



TaKHM o6pa30M, mm nojryHijiH 

VdJ 3 = Vd {1 ™_ 2h) h (1 + 0(1))- 
OGte^iiHHH BMecTe oi^chkii pip . (j!2[) h (|13|) . mm nojiynaeM 



TeopeMa 12.11 flOKaaaHa. 

HacToam,aa CTaTbH 6i>uia ^acTHHHO HaniicaHa bo Bpeiia npe6biBaHHH aBTopa b Hh- 
CTHTyTe MaTeMaTHHecKoit CTOxacTHKH yHHBepcHTeTa Teopra-ABrycTa, FeTTHHreH. 
XoHerca oco6eHHO no6jiaro,n;apHTb npocpeccopa M.A. JIiKpinima 3a nocTaHOBKy 
flaHHOii 3aflaHH h nocToaHHyio noftn,epjKKy, a TaioKe npocpeccopa M. ^emcepa 3a 
cofleiicTBHe h o6ecne ii ieHHe npeKpacHMx ycjiOBiiii fljisi pa6oTM. 
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